About 140 pit lakes exist in Central Germany. These have resulted from lignite mining and are important parts of the post-mining landscape in the Central German lignite mining district. Their water quality is mainly influenced by the consequences of pyrite oxidation, i.e., acidification or results of natural or artificial neutralization. The major way of filling as well as a cheap and successful measure against acidification was the diversion of river water into the lakes or their filling with neutral water from mines still operating. Eutrophication, contamination by industrial pollutants and infection with pathogens imported with river water were found to be unimportant threats for the pit lakes in the Central German lignite mining district. Intrusion of naturally saline groundwater from deeper underground resulted in some cases in elevated concentrations of sodium chloride and in meromixis. The diverse uses of the lakes (e.g. recreation, nature conservation, water management) indicate that the pit lakes fulfil widely the typical functions of lakes in a landscape. The creation, the current state of water quality and lessons learned in water quality management are reported upon for the pit lakes of the Central German lignite mining district.
Introduction
Lakes and rivers are dominant inland surface waters and important parts of the landscape. Because of their properties, lakes have particular ecological and socio-economic functions as habitat for aquatic organisms, sites for fishery and recreation, etc. Artificial lakes and reservoirs should fulfil those functions as far as possible.
The region called ''Central Germany'', i.e., the area described by circles around Leipzig and Halle/Saale of about 150 km in diameter, is poor in natural lakes. Surface mining has changed this situation, mainly within the last 120 years. Many artificial lakes formed in former excavations of clay, sand and gravel, in former quarries and in former open-cast lignite mines when the respective operations ceased. This paper deals only with lakes in former open-cast lignite mines. For simplification, these lakes are generally called pit lakes in this paper.
There are about 140 pit lakes in the Central German lignite mining district today, i.e., about 28% of the pit lakes in all German lignite mining districts. Fig. 1 shows a map of the mining district including the lakes which are planned to form in the currently operating lignite mines.
When managing pit lakes, one may be faced with one or more of the following concerns with respect to water quality (Klapper and Schultze, 1995) :
Acidification caused by pyrite oxidation and the accompanying mobilization of acidity, iron and sulphate.
Eutrophication caused by excessive import of phosphorus and nitrogen via river water for filling or flushing the lake or inappropriate lake use (e.g. excessive feeding in aquaculture).
Contamination with industrial pollutants caused by groundwater inflow from industrial sites or waste deposits in the vicinity of pit lakes.
Salinization by highly saline ground water. Infection by import of pathogens via river water which in turn was impacted by waste water.
In this paper, we report on the creation and the current characteristics of the lakes in the former lignite open-cast mines of the Central German lignite mining district. In addition to the description of the current conditions, lessons learned are presented.
Data sources
The data presented below originate from lake monitoring in spring 2007, as far as possible. Morphometric data were taken from the web sites of Mitteldeutscher Seenkatalog (community of governmental and non-governmental institutions concerned with and interested in the sustainable development of lakes in Central Germany; www.mitteldeutscheseen.de) and of Lausitzer und Mitteldeutsche Bergbau-Verwaltungsgesellschaft (LMBV; state company responsible for the remediation of the former lignite mines in eastern Germany; www.lmbv.de). Water quality data were provided by the LMBV as far as the LMBV was responsible for water quality monitoring in 2007. The Landestalsperrenverwaltung des Freistaates Sachsen (authority of the federal state of Saxony responsible for the management of reservoirs and lakes in Saxony) provided data for pit lakes according to its responsibility. Data of other lakes were taken from web-published results of lake monitoring in the federal state of Saxonia-Anhalt in 2007 (www.sachsen-anhalt.de/LPSA/index.php?id=27953) or for some cases from a report on the status of German pit lakes by Nixdorf et al. (2001) . The data from Nixdorf et al. (2001) can still be considered as representative since the respective pit lakes are older and show mainly seasonal variations in water quality but nearly no inter-annual trends. Less data were available from small and/or old lakes. Therefore, the small and/or old pit lakes are generally underrepresented in this study.
ARTICLE IN PRESS

Creation
In the 19th century or in some cases even earlier, lignite mining began where lignite seams reached the surface. The exploitation was performed by hand with very simple technical devices. Accordingly, the first surface mines were very small. The same applies for the first pit lakes forming in such abandoned mines at the end of the 19th or at the beginning of the 20th century, e.g. the Gniester lakes south of Lake Bergwitz. The surface areas of these lakes are in the range of some 100 m 2 only and the depths are in the range of 10 m or less. The pressure of Pleistocene glaciation resulted in folding of Tertiary layers including lignite seams in the region of the Gniester lakes. The tops of the lignite folds reached the surface (Litt and Wansa, 2008) . Larger excavators and improved dewatering technology resulted in larger mines and, consequently, larger pit lakes. However, relatively small lakes may form due to technical reasons and efficient overburden handling even today, e.g. Lake Zwochau and Lake Grabschütz.
Until the 1970s, the filling of the lakes was exclusively based on local runoff and rebound of the groundwater level in the Central German lignite mining district after ceasing Fig. 1 . Map of the Central Germany mining district showing the pit lakes resulting from lignite mining, the major rivers and some towns for orientation. The lakes mentioned in the text are: 1 -Lake Concordia, 2 -Lake Bergwitz, 3 -Lake Gremmin, 4 -Lake Golpa IV, 5 -Lake Gröbern, 6 -Muldereservoir, 7 -Lake Goitsche, 8 -Lake Paupitzsch, 9 -Lake Seelhausen, 10 -Lake Hufeisen, 11 -Lake Grabschütz, 12 -Lake Zwochau, 13 -Lake Werbelin, 14 -Lake Wallendorf, 15 -Lake Rassnitz, 16 -Lake Geiseltal, 17 -Lake Runstedt, 18 -Lake Zwenkau, 19 -Lake Störmtal, 20 -Lake Hain-Haubitz, 21 -Lake Bockwitz, 22 -Lake Vollert Süd, 23 -Lake Borna, 24 -Lake Harthsee. The dotted black line west of Halle indicates the natural Lake Salziger See, which disappeared in 1890 due to dewatering operations of underground mining for copper. Dewatering of the lake basin is still performed although copper mining ceased and the underground galleries are flooded. The lake will be re-established in the future. Lignite mining districts in Germany: RD -Rhineland district, HeD -district of Hessen, HsD -district of Helmstedt, OD -district of Oberpfalz, CDG -Central German district, LD -Lusatian district. dewatering operations. The so-called Muldereservoir with a maximal depth of 26 m and a total volume of 118 Â 10 6 m 3 was the first lake in the Central German lignite mining district, which was filled with river water in 1975 and 1976. For that process, a new artificial river bed was constructed on a 10 km long trench including two residual voids of the former mine Muldenberg (the latter forming the Muldereservoir today). The River Mulde still flows completely through this lake (Junge and Jendryschik, 2003) . Due to this redirection of the River Mulde, mining became possible in the former floodplain. It resulted in the subbasins Muehlbeck and Doebern of Lake Goitsche and the so-called Pouch peninsula between them, which consists of an overburden dump inside the former mine (Trettin et al., 2007) .
As a consequence of German re-unification, many open-cast lignite mines were closed at the beginning of the 1990s. Therefore, many pit lakes were created in the last nearly 20 years or are currently in filling (Krüger et al., 2002) . For fast filling of the pit lakes, river water or water from mines still operating (Jolas, 1998) was used as far as possible. The initial reason for fast pit lake filling was the stabilization of the side walls of the mining voids which became the slopes of the lake basins. If the filling happens faster, they can remain steeper than in the case of slow filling, particularly if the water level in the rising lakes can be kept higher than the groundwater level in the surrounding aquifers until the final water level of the lakes is reached. The limitation or even prevention of lake acidification due to pyrite oxidation in the mined material became a second reason for fast filling (Klapper and Schultze, 1995; Jolas, 1998; Zschiedrich et al., 2007) . This aspect will be discussed in more detail in the ''Water chemistry'' section.
The diversion of river water has been used for pit lake filling as follows: River Saale for Lake Runstaedt and Lake Geiseltal, River Weiße Elster for Lake Wallendorf, Lake Rassnitz and Lake Werbelin, River Mulde for the Muldereservoir, Lake Goitsche, Lake Seelhausen, Lake Gremmin and Lake Gröbern and River Selke for Lake Concordia. The diverted amount of water has been limited due to requirements of other already established water use (e.g. extraction of water for industrial purposes) and of ensuring the ecological functioning of the rivers. The overall amount of diverted river water was 792 Â 10 6 m 3 , accounting for 56.6% of the filling of the lakes in the period 1993-2007. In the same period, 433 Â 10 6 m 3 of water from dewatering of mines still operating was used for pit lake filling, accounting for 30.9% of the lake filling. Groundwater contributed 12.5%, i.e., 175 Â 10 6 m 3 (LMBV, 2008) . The filling of the Muldereservoir is not included in the data above because it happened earlier. The flood water which passed into Lake Goitsche in August 2002 (Klemm et al., 2005) also had to be excluded due to the lack of possibilities for measuring its amount.
Morphometry and stratification Fig. 2 gives an overview of the volumes, surface areas and maximal depths of the pit lakes in the Central German lignite mining district. The largest lake is Lake Geiseltal which is still in filling (75% of lake volume was filled as of December 31, 2008). Its final volume will be 423 Â 10 6 m 3 , its final surface area will be 18.5 km 2 and its maximal depth will be 80 m. In Fig. 2 , Lake Geiseltal is included with its final morphometric data like all other lakes, which are still in filling or which are planned to be filled in the next few decades when the currently operating mines will be mined out.
The morphometry of the pit lakes is the combined result of geological conditions of the lignite deposits, the excavation technology, the filling rate and some local aspects such as planned use of the lake insofar as known and considered during mining. Eissmann (2002a, b) gives an overview of the geological conditions in the Central German lignite mining district. Fig. 3 shows a simplified schematic depiction of the typical arrangement of pit lakes, overburden dumps and untouched underground. The lignite is of Tertiary age and is imbedded and overlain by layers of clay, sand and gravel from the Tertiary and the Quaternary. Consequently, the steepness of the slopes of the mining voids and the lakes is limited because all these materials are unconsolidated rock. This is an important difference to pit lakes in hard rock environments, which are common in many other coal mining regions of the world and which usually occur at metal mining sites (e.g. Doyle and Runnells, 1997; Shevenell et al., 1999; Sanchez Espana et al., 2008) .
An important aspect of the geology of the Central German lignite mining district is the occurrence of Permian and Triassic salt deposits (mainly sodium chloride and calcium sulphate) in the deeper underground, often more than 100 m below the lignite seams. In some cases, the widespread subrosion of these salt deposits formed wide depressions which were filled with lignite over a long period syn-genetically. In other cases, local depressions formed syn-or post-genetically resulting eventually in local depressions of the pit lake bottom if the lignite in these local depressions was excavated and the depressions were not filled with overburden. For more details see Eissmann (2002a, b) .
Usually the pit lakes are dimictic or monomictic, depending on the occurrence of an ice cover in winter. However, meromictic lakes also developed. In some cases, the intrusion of saline water from the above-mentioned salt deposits is the reason for meromixis: Lake Hufeisensee, Lake Rassnitz and Lake Wallendorf (Stottmeister et al., 1999; Heidenreich et al., 1999; Trettin et al., 2006) . In other cases, inflowing groundwater with high concentrations of dissolved solids due to pyrite oxidation and its consequences caused the formation and persistence of monimolimnia. Examples are Lake Goitsche (Boehrer et al., 2003) and Lake Störmtal. In Lake Vollert Süd, meromixis resulted from the filling of the lake with waste waters of coke production containing very high concentrations of organic contaminants (260-690 mg/L DOC, mainly consisting of poly-aromatic, humic-like substances and phenolic compounds; Stottmeister et al., 1998) and from sheltering the lake from wind impact by surrounding side walls and forest. The applied remediation technology (a sequence of flocculation with iron, neutralization and fertilization) stabilised the meromixis via accumulation of the organic contaminants in the monimolimnion and the sediment (Stottmeister, 2008) .
Water chemistry
As already mentioned above, acidification due to pyrite (FeS 2 ) oxidation is the major problem of water quality in pit lakes. Pyrite occurs in the Tertiary strata and, consequently, also in the overburden dumps ( Fig. 3) and is the result of microbial reduction of iron and sulphur during and after the formation of the lignite. Pyrite is stable as long it remains under anoxic conditions. The dewatering of the underground and the excavation of the overburden and the lignite cause aeration of the pyrite and thus its microbial oxidation during and after mining. The grain size of the pyrite particles is usually in the range of millimetres. The following equations describe the pyrite oxidation and the production of acidity (only simplified net-reactions; for more details see e.g. Evangelou, 1995) 
After start of the oxidation process via reaction (1), usually reaction (2) becomes the dominating pathway of pyrite oxidation (Evangelou, 1995) . At least a part of the acidity produced by pyrite oxidation is already neutralized underground along its transport by trickling water and groundwater before the water enters the pit lake. The following reactions and processes are the most important ones consuming acidity along the path from pyrite oxidation sites to pit lakes (only simplified net-reactions; for more details see e.g. Stumm and Morgan, 1996) 
Reaction (5) happens in the groundwater and in the aqueous phase of the soil (buffering of acidity by bicarbonate) whereas Eqs. (6)-(8) describe buffering reactions between the underground solids and the acid trickling water or groundwater: buffering by carbonates (6), by ion exchange ( (7), whereby X is e.g. a clay mineral and M is a metal) or by silicates (8). However, since iron is mainly transported as ferrous iron by the groundwater, reactions (3) and (4) cause a drop in pH of groundwater entering the pit lake due to the availability of oxygen in the pit lakes.
Initially, about 50% of the pit lakes in the Central German lignite mining district were acid or had the potential to turn acidic without special measures. The other about 50% of the pit lakes never had acid water due to local geological conditions (relatively low pyrite content combined with relatively high content of carbonates in the overburden). Fig. 4 shows that today a much higher percentage of the lakes are neutral. This is mainly the result of filling with river water and well-buffered water from dewatering of operating mines. Lake Bockwitz was neutralized by addition of soda ash (Na 2 CO 3 ; Neumann et al., 2008; Rönicke et al., this issue) whereas Lake Hain-Haubitz was neutralized by a combination of filling with water from operating mines and addition of lime. A number of initially acid pit lakes became neutral without special remediation measures. Experiences from these pit lakes showed that the neutralizations without special measures may require periods varying from a few years to some decades. Examples are Lake Nenkersdorf, which became neutral within 5 years, and Lake Bergwitz, where neutralization required about 25 years after its filling by groundwater and local runoff (Jordan and Weder, 1995) . The mechanisms of neutralization in such cases are (i) natural washout and flushing of the lakes and of the underground where the acidifying substances originate from, (ii) the neutralization by inflow of bicarbonate with naturally neutral groundwater and (iii) microbial sulphate reduction. The natural occurrence of sulphate reduction was reported for German pit lakes e.g. by Peine and Peiffer (1998) and for ground water in overburden dumps by Hoth et al. (2005) . However, the observed net rates of sulphate reduction are small and, therefore, the contribution to neutralization is limited.
Although the majority of pit lakes are neutral today (Fig. 4 ) and the remaining acid lakes in the Central German lignite mining district are expected to be neutralized within the next few years, acidification is still an important threat for the lakes. Ongoing inflow of groundwater with high loads of products of pyrite oxidation (mainly sulphate and iron) into the lakes may cause socalled re-acidification after initially successful neutralization of the lake water (via reactions (3) and (4)). Concentrations of up to 3 g/L iron were found in groundwater in overburden dumps (Mansel et al., 2007) . Re-acidification occurs if the inflow of acidity exceeds the stock of alkalinity of the lakes and its natural recharge (inflow of neutral and buffered water, internal production of alkalinity by iron and sulphate reduction). This may require continued or frequently repeated lake neutralization in the future, e.g. the continued addition of soda ash for Lake Bockwitz (Rönicke et al., this issue) . Another option might be the permanent flushing of the respective lakes by neutral river water as has been done for Lake Senftenberg in the Lusatian lignite mining district since 1977 (Werner et al., 2001) , given that rivers for permanent diversion of water are nearby and have appropriate water quality. About 20% of the pit lakes of the Central German lignite mining district are threatened by re-acidification, based on current knowledge. The time frame of potential re-acidification can be expected to be in a range similar to the natural neutralization of pit lakes without special measures as mentioned above.
Acidity (detected by titration with 0.1 M NaOH to pH 8.2) and alkalinity (detected by titration with 0.1 M HCl to pH 4.3) indicate the degree of acidification present in spring 2007, or the buffering capacity of the lake waters insofar as they were neutral at that time, respectively, (Fig. 4) . The alkalinity is usually low due to consumption of carbonates during neutralization and due to continuing inflow of acidity-bearing groundwater.
The concentrations of iron and aluminium also reflect the remaining acidification (Fig. 4) . Higher concentrations are restricted to still-acid lakes or monimolimnia of meromictic lakes in the case of iron (not included in Fig. 4 ). However, iron still plays an important role for the water quality and its future development in the pit lakes because of its interaction with the phosphorus cycle in the lakes.
The manganese concentrations in the pit lakes are elevated under acid conditions but very low under neutral conditions (Fig. 4) . Compared to the concentrations of iron and aluminium, the manganese concentrations are too low to make manganese an important contributor to acidity, even under acid conditions.
Calcium and magnesium concentrations reflect the consequences of buffering the acidity produced by pyrite oxidation (dissolution of carbonates, ion exchange, dissolution of silicates, etc.), the initial composition of minerals in the mined area and the source area of the current lake water (Fig. 4) . Silicon concentrations are elevated in acid pit lakes (Fig. 4) . Once the lake water is neutralized, silicon concentrations decrease, at least partially due to the improved living conditions for diatoms. Fig. 4 . Frequency distribution of chemical water properties related to acidification of the pit lakes in the Central German lignite mining district. Iron and manganese are given as total dissolved iron or manganese, respectively.
Sulphate is clearly the dominating anion in the lake water (Fig. 4) . It results mainly from pyrite oxidation, even in lakes which were never acid. Its concentrations are high compared to waters not impacted by lignite mining in the region.
The higher concentrations of chloride are the result of the previously mentioned intrusion of saline groundwater (Fig. 4) . As with iron, the monimolimnia of the meromictic lakes are not included in Fig. 4 . The chloride concentrations in the monimolimnia of Lake Hufeisensee, Lake Wallendorf and Lake Rassnitz reach 8.8, 48.1 and 14.2 g/L, respectively.
The electrical conductivity indicates the generally relatively high concentrations of dissolved solids in the pit lake water, mainly sulphate, calcium and magnesium and, in the case of acid lakes with pH o2.8, iron (Fig. 4) . The highest values of electrical conductivity originate from the lakes, which are influenced by intrusion of saline groundwater. In these lakes, chloride and sodium dominate the electrical conductivity. The values of the monimolimnia of the meromictic examples of these lakes are again not included in Fig. 4 .
Phosphorus concentrations of the lake water are low (Fig. 5) , even in the case of filling with river water containing more than 100 mg/L of total phosphorus (TP). The relatively high concentration of iron in the lake sediment and in its pore water and the permanent import of iron with inflowing groundwater are the major reasons: the phosphorus is adsorbed onto the surfaces of precipitates of iron and buried in the sediment when the iron precipitates settle to the sediment (Duffek and Langner, 2002; Kleeberg and Grüneberg, 2005) . According to the usually low phosphorus concentrations, the concentrations of chlorophyll a are also small (Fig. 5) . As a consequence, in most German pit lakes eutrophication does not pose a risk to water quality requiring special measures and strategies (Lessmann et al., 2003; Schultze et al., 2005) , in contrast to initial assumptions by Klapper and Schultze (1995) . The only eutrophic pit lake is Lake Golpa IV in the Central German lignite mining district. In this case, eutrophication results from using the lake for intermediate storage of river water from the River Mulde for cooling purposes in a power plant over a period of decades (Hupfer et al., 1998) .
The concentration of ammonium (Fig. 5 ) is often relatively high in acid pit lakes due to inhibition of nitrification (Prosser, 1987) . The low concentrations of nitrate (Fig. 5 ) are the result of missing sources such as explosives or intense agriculture. Mining is done without blasting and intense agriculture is not common in the post-mining landscape of Central Germany due to limited fertility of the soils at the dump sites. Even in the case of filling with nitrate-bearing river water, rapid removal of nitrate from the lake water resulted in low nitrate concentrations after finishing input of river water. Primary production and denitrification in the lake sediment are suspected to be the most important processes for this removal. Although the water of the pit lakes is usually well oxygenated throughout the year (except the permanently anoxic monimolimnia of meromictic pit lakes), anoxic conditions were found to be common in pit lake sediments (Peine and Peiffer, 1998; Meier et al., 2004; Blodau, 2006) .
The concentrations of dissolved organic carbon (DOC) are in the range of eutrophic natural lakes (3-34 mg/L; Thurman, 1985) . Since the ranges of concentrations of phosphorus and chlorophyll a are low, the DOC found is probably not the result of autochthonous primary production. The DOC may originate from remains of lignite spread in the overburden dumps or in the aquifers which are feeding the pit lakes.
Trace contaminants are not presented in detail here. Heavy metals and trace elements mobilized due to acidification may reach considerable concentrations in acid pit lakes (Zn and Ni:o500 mg/L; As, Cu, Cd, Cr and Pb:o10 mg/L; Hgo1 mg/L).
Under neutral conditions, however, they are usually precipitating or removed by co-precipitation with iron or aluminium (Klapper and Schultze, 1995) . Organic contamination of groundwater in the neighbourhood of Lake Goitsche did not affect the lake water quality due to changes in flow direction of the groundwater as a result of the flood event in 2002 (Wycisk et al., 2005) . Contaminants leaving a waste deposit at the southern margin of Lake Hufeisensee via groundwater are accumulated in the monimolimnion of the lake and the respective sediment (Stottmeister et al., 1999) . Therefore, they do not affect the mixolimnion. Ammonium entering Lake Runstedt from the waste deposit at the lake bottom (4300 mg/L ammonium were found in the pore water of the waste) is oxidized by naturally occurring microbial communities in the lake. Hypolimnetic aeration was implemented in order to ensure the availability of sufficient oxygen. Lake Vollert Süd, its contaminants and its remediation were already described in the section on stratification. The enormous amounts of organic carbon originally restricted the Secchi depth to 3 cm (Stottmeister et al., 1999) . Today, the mixolimnion of the lake has a good water quality. The contaminants are accumulated in the lake sediment and in the monimolimnion (Stottmeister, 2008) .
Functioning of pit lakes in the landscape
Due to their total surface area of around 140 km 2 today, the sustainable use of the pit lakes is an important ecological and socio-economical factor for the Central German lignite mining district. Typical functions of lakes in a landscape are as habitat for aquatic and amphibian organisms, for larval stages of insects and for water fowl, as water source for wildlife, as geochemical sink and as providers of sites for human use, e.g. water-borne recreation, fishery, aquaculture, flood management and water storage.
The pit lakes of the Central German lignite mining district fulfil these functions widely, as indicated by their use. The major use of the pit lakes is for recreational purposes (Linke and Schiffer, 2002) . The above-mentioned concern of infection, caused by the import of pathogens with river water, was found to be a much smaller risk than initially expected. Pathogens are removed from lake water relatively quickly by sedimentation, decay and dilution (Pusch et al., 2005; Wolf, 2005) . Many lakes also became part of protected areas for nature conservation (e.g. Lake Rassnitz, Lake Paupitzsch, Lake Gremmin). A few lakes are used for fish breeding (e.g. the Muldereservoir). In the majority of the pit lakes, however, fishery is done only on the basis of the natural development of the fish community after an initial stocking. A few lakes are used for purposes of water management, mainly flood protection (e.g. Lake Borna, Lake Zwenkau after reaching planned water level). The function as geochemical sink is most impressive in the Muldereservoir due to the permanent through-flow of the complete River Mulde. It acts as a sink for heavy metals originating from abandoned ore mines in the Ore Mountains at the Czech-German border. In this way, the River Elbe is protected from strong contamination (Klemm et al., 2005) .
Summary and lessons learned
Surface mining for lignite resulted in a new artificial lake district in the Central German lignite mining district which is poor in natural lakes. The pit lakes are an important part of the postmining landscape and fulfil ecological as well as socio-economic functions. The major concern with respect to water quality, acidification resulting from mining-induced pyrite oxidation, has been managed successfully for the majority of the pit lakes. The filling with water from external sources, i.e., rivers or dewatering operations of mines still operating, was the most important strategy and by far the cheapest one (Höppner et al., 2006) . However, some lakes required additional or alternative measures in order to become neutral. The addition of soda ash and of lime at the lake surface was applied. The lessons learned from these treatments are that (i) a complete investigation and quantification of all sources of acidity is necessary for successful planning of neutralization, (ii) the parts of the underground which were aerated during mining or remain aerated in the long run in the immediate vicinity of the lakes may be a major source of acidity for a long time, and (iii) the wide spreading of the applied alkaline substances may improve the efficiency of neutralization (Neumann et al., 2008) .
''Doing nothing'', i.e., simply waiting for natural neutralization as in earlier times, is no longer accepted by the responsible authorities for new acid pit lakes or acid pit lakes having an outflow. Today, such a strategy is restricted to lakes which are not acidified.
Eutrophication, contamination with industrial hazardous substances and infection of lake water by pathogens via inflow of river water were found to be of low importance in the Central German lignite mining district. Salinization by intrusion of naturally saline groundwater is restricted to a few cases according to the geological conditions. The monimolimnia formed by the intruding saline groundwater act as sinks for phosphorus and other contaminants (Stottmeister et al., 1999; Schultze and Boehrer, 2008) .
In some cases, the long-term inflow of acidifying groundwater from dump sites may result in re-acidification. Common treatment options (addition of alkaline substances, diversion of river water) may be applied in order to maintain the neutral state of the lakes, or new, more efficient options may be developed based on current research and scientific evaluation of the experiences made in Germany and worldwide (Schultze et al., 2009; Castendyk and Eary, 2009 ). However, further learning from past and current management practice for future management in Germany or other countries requires detailed documentation of applied methods, adequate monitoring of currently treated lakes and publication of results and lessons learned.
